It has long been known that only about one-half of the nitrogen of the potato is in the form of protein, the remainder being in amino-acids and amides, chiefly asparagine. Neuberger. & Sanger [1942] have recently shown that not only the total N of the potato, but also the relative proportions of the above three types of nitrogenQus compounds, are widely different in different varieties, and that generally the amount of true protein N is rather less than half the total. Although it is common convention in agricultural practice to reckon the, protein value of the potato N as that obtained by adding together the true protein value and one-half of the value obtained by multiplying the non-protein N by 6-25, in this paper the proportion of the N in the different diets, rather than that of the protein, is considered, and the term crude protein is used to indicate the fiure obtained by multiplying the total N by 6-25. The maintenance of N equilibrium in adult man by potatoes was established by Hindhede [1913] , Abderhalden, Ewald, Fodor & Rose [1915] , Rose & Cooper [1917] , Rubner & Thomas [1918] and by Kon & Klein [1928] . The last-named workers found that N equilibrium and good health could be maintained for several months in an aduIt man and woman on a diet of steamed potato, butter fat and fruit. The daily N intakes averaged 5-7 and 3-8 g.
respectively.
The value of potato nitrogen for the support of growth. The value of potato N for the support of growth is not so clear, for it is difficult to obtain a sufficiency for young animals with potato alone since the protein is diluted with so much starch. McCollum, Simmonds & Parsons [1918] found that hardly any weight increase occurred in young rats when potatoes provided the only source of N. The diets contained but 7-8 % crude protein. However, growth was no better when cereal proteins were fed at the same level but was much improved on addition of 5 or 10 % of casein. Growth of rats on diets containing 9 % protein from oats, maize, peas or millet was much better and reproduction occurred when a proportion of these was substituted by potato, thus indicating a supplementary action of the N of the latter for that of the above grains [McCollum, Simmonds & Parsons, 1921] . Hartwell [1925; 1927] found that potato providing 76 %-crude protein in the diet supported only very poor growth in rats and was quite insufficient for lactation.
Mitchell [1924 b] determined the biological value of potato N for growth and maintenance in young rats by his modification [1924a] of Thomas's N balance technique. The biological value, when the diet contained 5 % crude protein, was 68-5, as compared with 72 for maize, 78-6 for oat, and 86-1 for rice protein. With 10% crude protein in the diet, the biological values were 66-7 for potatoes, 59-6 for maize and 64-9 for oats. These results are somewhat inconclusive, since potatoes appeared to be inferior to cereal proteins when the diet contained 5% crude protein but as good or better when it contained 10%. Schiftan [1933] made a series of careful N balance experiments with pigs fed on diets in which respectively potatoes, barley and other foods were the only sources of protein.
The tests were made with protein given at maintenance level, and also at a level to support both maintenance and growth. His experiments were carried out on four animals only and the collection periods were of 5 days' duration; his technique was, however, unexceptionable and good agreement was obtained in duplicate tests made on different pigs. For maintenance, the biological value of potato N in a diet containing 2-2 % crude protein was 69-6, and that of barley N in a diet containing 2-3 % was 58-7. Milk, casein (purified) and fish meal gave figures of 100-6, 69-3 and 66-2 respectively. For growth and maintenance, the biological value of potato N was 73-2 in a diet containing 13% protein. Digestibility of potato nitrogen. In the following paragraphs the coefficient of digestibility refers to 'apparent' digestibility, the figure for which is calculated from the difference between the N ingested and that eliminated in the faeces, on the assumption that the latter is derived from undigested food. The faeces, however, also contain N of endogenous origin, e.g. that contributed from gastric and intestinal secretions from, and into, the gut. A large proportion of the N of faeces is contained in its bacterial component and it is uncertain whether these bacteria are nourished from endogenous nitrogenous substances or from those of undigested food. The true digestibility of any food will therefore always be greater than the apparent digestibility.
The figures quoted in the literature for the digestibility of the crude protein of potatoes are very variable and usually low. Table 1 gives a summary of the figures obtained with swine for potatoes and various potato products; it will be seen that the coefficients of apparent digestibility vary from 0 to 84 %! There are four possible explanations of this great variation: (1) that the variations are due to differences in the samples or varieties of potatoes before cooking or processing, (2) that the digestibility is affected by processing, (3) that it depends on the bacterial flora inhabiting the gut, (4) that it is affected by other constituents of the ration. There is not sufficient evidence in the literature to permit discussion of the first and third possibilities, but so far as the effect of processing is concerned, it is noticeable that all the lower figures for digestibility with [1908] determined the digestibility of different dried potato products, fed in combination with soya-bean meal, with pigs and sheep; with both there were large differences between the different products, but the order of their merit was different in the two species. For example, potato flakes dried by the Paucksch process gave the highest coefficient (75.5 %) with pigs and the lowest (14.4%) with sheep.
It is probable that some of the very low figures may be connected with the method of computation. In many investigations determination was first made of the digestibility of a ration, often of mixed foodstuffs, and then again when a portion had been substituted by potato or potato products. Any lowering in digestibility in the second case compared with the first was then attributed solely to the potato. If the potato was present in relatively small proportion, the result of such a calculation will give an unduly low figure for its digestibility.
Fingerling [1932] obtained the very low digestibility coefficient of 29-2 % for the crude protein of potato cossettes when fed to pigs with fishmeal and barley meal. When the basal ration consisted of fishmeal and potato flakes, the digestibility of the nitrogen of additional potato flakes, however, was 70 5 %. It is possible that in the first test the digestibility of the fishmeal and barley meal was depressed by addition of the potato cossettes and that, in the second, the addition of extra potato flakes caused no further depression in the digestibility of a ration which already contained them. With steers, the digestibility of the crude protein in both flakes and cossettes was low, but the order was reversed; the coefficient for flakes was negative while that for the cossettes was 30-9 %; in these experiments the Vol. 37 [1910] , on the 'other hand, gave little evi,dence that depression of the digestibility of the N of the constituents of the ration was oaused by the presence of potato. They determined the digestibility of pressed dried potatoes, first when fed alone and later when fed with soya-bean meal. The coefficient of digestibility of the N of the potatoes fed4 alone was 26-7 %. Using this coefficient they calculated from the second experiment a coefficient for soya-bean meal of 94 %, a figure which could not have been so high if the pressed dried potatoes had appreciably lowered the digestibility of the soya-bean meal. However, from a further trial with a second sample of dried pressed potatoes, also fed with soyabean meal, they calculated a negative digestibility for the crude protein of the potatoes when the figure of 94 % for the soya bean was used in the computation. The composition of the foodstuffs and of the experimental rations are set out in Tables 2, 3 and 4. In order to reduce the btlk of the potato diets, half the potatoes (on a dry matter basis) were given as boiled fresh potatoes and half as commercial potato flakes which were ground into a meal before mixing. Corresponding barley and potato rations were arranged to contain the same quantity of N (see Table 3 ).
Section 1. GROWTH EXPERIMENTS METHODS
The cod-liver oil was of the type used in veterinary practice, and was of guaranteed vitamin potency.
The salt mixture, made from commercial materials, contained boile ash 2, CaCO3 1, NaCl 1 and Fe2O3 0-1 parts.
The yeast extract was made by the method of Macrae et al. [1942] , from brewer's yeast kindly supplied by Messrs Greene, King and Sons. The extract, which was protein-free, contained 1-607 mg. N/mI., and the daily dose, given separately with the ration of each pig, contained the equivalent of 30 g. dry yeast.
The boiled potatoes were from two batches of 'Majestic' potatoes, obtained locally and stored under straw in a tin hut; there was a good deal of sprouting during the ex'periment, but the sprouts were rubbed off, and the potatoes were washed before cooking. They were cooked in a cage lowered into a large copper of boiling water. The N content of the first batch was 1-58, and of the second, 1-85 %, on a dry matter basis.
The potato flakes were obtained from' the. Farmers' Marketing and Supply Co., Ltd., and were processed at the beginning of March 1941. The processing was as follows: raw potatoes were thoroughly washed and cooked in a amounts of food left unconsumed by the potato-fed animals were often considerable, and it was then necessary to weigh the residues and to determine their water content. The analyses of the materials are given in Table 2 and details of the composition of the different diets in Tables  3 and 4 . RESULTS The experimental rations were fed for a preliminary period of a week before live weight increases were recorded. About three days after this feeding was commenced, scouring was noted in the potato-fed animals of each subgroup. This scouring reappeared at intervals throughout the experiment, but was never seyere. Otherwise the pigs remained in good health. The condition of the coat remained good in all animals, and no skin lesions developed. Carriage and behaviour were in most cases normal throughout. Coprophagy was never observed. During the 7th week of the test there was an exceptional heat wave, and all the potato-fed animals went off their feed. Pigs 8, 10 and 12 were once observed to vomit and scoured at this time. In addition, pig 21, a barley-fed animal, went off its feed and vomited once. No stiffness of the legs was noticed until the last fortnight pf the experiment, when a few of the heavier pigs were a little stiff. This was probably because bedding material was not provided. The joints of the animals did not show any nacroscopic lesions on slaughter. Fig. 1 gives the composite growth curves of the various subgroups; Table 5 gives details of their food intake and weight increases. In 11 of the 12 pairs of pigs, the barley-fed pig grew better. The total weight increase of the barley-fed pigs during the 12 weeks averaged 29-5 kg., while that of the potato-fed animals was.23-6 kg.; the weight increase per unit N intake and per unit digestible N intake was higher, and food intake and digestibility energy per unit weight increase were lower, in the barley-fed animals ( Table 5) .
The results of our experiment are not, therefore, in accordance with those of Schiftan, who found the N of fresh potatoes of higher biological value than that of barley. It is possible that the value of the N of the potato flakes used in our experiments was somewhat reduced by heat treatment during processing. The pigs in subgroup 1 which received the potato N without casein supplement, made better gains than those fed on maize without supplement in the experiment of Macrae et al. [1942] . The initial weights of the pigs in our experiment were, however, initially greater than those used by Macrae et had little effect on food intake, it was not found necessary, as had been anticipated, to equalize the food intakes of the different subgroups. From Table 5 and Fig. 1 it appears that a supplement of 1 or 3 % of casein to the barley ration gave approximately the same rate of growth increase, and utilization of digestible energy, as a supplement of 6 % casein to the potato ration. In commercial feeding practice, therefore, it would be necessary to feed more than twice as much protein concentrate when potato is substituted for a barley ration of equal N content. Under conditions in which there might be a depression of the digestibility of N consequent on the substitution of potato for barley, it would be necessary to give still more protein concentrate. In practice the growth ofthe potato-fed pig would be limited by the bulkiness ofthe ration as well as by its deficiency of N of good biological value.
Section 2. DIGESTIBILITY EXPERIMENTS METHODS Six crates were made by placing the individual feeding pens upon wooden tables covered with galvanized iron. Holes were bored through the tables to drain off the urine. The pigs were prevented from moving backwards and forwards by horizontal bars fixed across the back of the pens, and adjusted to fit each pig. The animals soon learnt that the forward end of the crate, where the food appeared, was the more interesting, and there was no trouble from their turning movements in the cage during the collection periods.
After the experiments on growth were concluded, the animals continued to receive the same experimental rations until they were required for the digestibility trials. In all these trials there was a 4-day preliminary period, followed by a 10-day collection period. Food intake was adjusted to the amount which the animals were expected to finish, and was maintained at this level throughout the experiment. There were no refusals of food. The faeces were collected at intervals during the day into buckets placed behind the exates, and the animals conveniently refrained from excreting faeces during the night. The faeces were preserved by moistening with about 2 1. of N H2SO4 and analyzed for total N by the Kjeldahl method, and for gross energy in the bomb-calorimeter. Samples of the boiled potatoes were analyzed daily for dry matter and N; the gross energy was determined on a bulk dried sample.
Hogs only were utilized for these experiments, two potato-fed animals and one barley-fed animal being selected from each subgroup. It was necessary to use pig 12, a potato-fed animal, for tests with both 3 and 6% casein diets, as two of the potato-fed pigs in the subgroup receiving 6% of casein were gilts; pig 12 had its ration changed between the two tests.
In addition, pigs 11, 12, 17 and 18 were utilized in a further trial (see below) in which approximately half of the ration consisted of boiled potatoes and potato flakes, and approximately half of barley meal. Pigs 11 and 12 also received 6 % casein, while pigs 17 and 18 did not receive any. Tables 6 and 7 give details of food intakes and faecal excretions, and (apparent) digestibility coefficients. The digestibilities of the N and energy of potato and barley are computed on the assumption that the casein, yeast extract, cod-liver oil, and starch were entirely digested. The digestibility coefficients obtained from tests with different pigs were in close agreement. Pig 8, on the potato ration with 3 % casein, scoured during the experiment, but this did not apparently influence the digestibility coefficients, which were the same as those of its fellow pig 12 on the same ration. In contradistinction to the results of Fingerling [1932] , and of Woodman & Evans [1939] , the presence of the casein in some of the potato rations did not depress the digestibility either of the N or of the gross energy. The digestibility of the latter was, in fact, high and independent of casein level. The coefficients averaged 93-7 % for energy, and 81-5 % for N, of the potato, and 82-3 % for energy, and 79-1 % for the N, of the barley.
RESULTS
When this experiment was completed, it occurred to us that, although the digestibility of the potato rations had not been lowered by feeding casein in combination with the potato, it might have been depressed if barley had been fed in combination with the potato, either with or without casein; Woodman & Evans [1939] and Fingerling [1932] , in the majority of their trials, used barley meal in the basal ration. We therefore undertook a further digestibility trial on pigs 11, 12, 17 and 18. The first batch of fresh 'Majestic' potatoes had by this time deteriorated and, when cooked, usually blackened badly. These potatoes were, however, still palatable, and were given to pigs 11 and 17, while those of the second batch were fed to pigs 12 and 18. Table 8 gives the results obtained. In computing the digestibility of the potatoes, the casein, yeast extract, cod-liver oil and starch were again assumed to be entirely digested. The mean coefficients obtained for the barley meal in the first series of experiments, viz. 82-3 % for the gross energy and 79-1 % for the N, were taken as the digestibility of the barley meal in the mixed rations. Any associative effect would thus be debited or credited to the boiled potatoes and potato flakes. The average digestibility for the potato energy in the mixed rations was calculated to be 91 -0 % with no casein and 92-5 % with 6 % of casein, while that of the N averaged 75-5 and 80-7 % respectively. Thus, addition of casein to the potato ration when barley meal also was present had not depressed the digestibility 36-2 VoI. 37 (Table 6 ). The presence of the barley with the potatoes, therefore, caused no lowering of the digestibility of the ration. In short, these three feeding stuffs, potatoes, barley, and casein, gave the same digestibility coefficients when fed in a miiWture as they gave, or in the case of casein, were assumed to give, when fed separately.
Our experiments, therefore, do not shed any light on the perplexingly low digestibility coefficients of potato N encountered by other workers. Both Fingerling and Woodman & Evans included fish meal in their basal rations and had we also used this coiicentrate in place of casein our results might possibly have been different. It is more probable, however, that differences between different samples of potatoes or methods of processing were responsible for the discrepancy. The digestibility of potatoes in the rations containing boiled potatoes from first batch of 'Majestics' averaged 90-9 % for energy and 76-9 % for N (pigs 11 and V7, Table 8); that of the 'Majestic' potatoes of the second batch averaged 93-7 % for energy and 81-5 % for nitrogen (see Table 6 ). There was, therefore, little difference in digestibility between the two samples of 'Majestic' potatoes which we used. Since the figures for potato digestibility given in Table 6 were obtained from experiments in which there were more animals, and in which there was no admixture with barley meal, they are considered to be the more accurate, and these figures only have been employed in the computation of the digestible nutrients in the growth experiments described above. SUMMARY 1. The value of the nitrogen of the potato was compared with that of barley for supporting growth of 'fattening pigs'. The observations were made upon 12 pairs of similar animals, one of each pair receiving a potato, and the other a barley, diet.
2. Thefations compared contained equal amounts of nitrogen derived from potato or barley, with and without supplementary nitrogen from casein. Half of the potato ration was composed of fresh boiled (Majestic) potatoes and half of commercial dried potato flakes. The total nitrogen of the diets varied from 1-5 % when no casein was given,to.2-4 % when 6 % casein was included, the figures being calculated on the dry weight.
3. The food intake, on dry weight basis, of each barley-fed pig was limited to the amount consumed by its potato-fed partner.
4. The value of the potato nitrogen, whether fed alone or supplemented with that of casein, was consistently inferior to that of the barley nitrogen. The kg. weight increase per kg. digestible nitrogen intake varied from 16-5 to 20-3 for barley rations and from 13-5 to 15-2 for corresponding potato rations. The kg. (dry) food ingested, per kg. weight increase, varied from 3-0 to 4-1 for the barley, and from 3-5 to 5-6 for the potato, rations. The conversion of food into live weight was thus more economical in the case of barley.
5. Addition of casein increased the economy in the conversion of food into live weight to about the same slight extent when either potatoes or barley were fed. The conclusion drawn is that casein nitrogen supplements equally that of potatoes and barley.
6. Some evidence was obtained that the potatofed pigs were fatter for their carcass weight than the barley-fed pigs. Those which received no casein or only 1 % in their diet were also relatively fatter for their body weight than those receiving 3 or 6 % (see Appendix 1). 7. The average values for the coefficient of (apparent) digestibility of a mixture in equal partsv of potato flakes and fresh boiled potatoes was 93-7 % for energy and 81-5% for total nitrogen.
Corresponding figures for barley were 82-3 and 79-1%.
8. The digestibility of potatoes was unaffected by admixture with casein up to 6% of the diet, assuming the latter to be entirely digested. It was also unaffected by admixture with barley to about 50% of the diet, assuming that the coefficient of digestibility of the barley was the same as that ascertained when the barley was fed alone or with casein.
9. The rate of increase of weight when 3 % casein was added to the barley ration (the total nitrogen being 1-95 %) was about the same as when 6 % was added to the potato ration (the total nitrogen being 2-4 %). The intake of food was not very different in the two groups. As described in the main portion of the text, not all without casein. The food intake (on dry matter the pigs were killed at the termination of the growth basis) of the pigs fed, respectively, on potato and experiments, the majority being required for the barley rations continued to be paired, however, and subsequent digestibility trials. During the first of the animals were killed off in pairs as soon as each the two digestibility trials, pig 12 received a diet digestibility trial was concluded. containing 6 % casein instead of 3 % as previously,
The carcass measurements are recorded in while during the second trials pigs 11, 12, 17 and 18 Table 9 . The carcass included the head, feet, flare received mixed rations of barley and potato with or fat and kidneys, and was weighed within 30 min. and back, respectively, of the rump muscle. The length of the body cavity was measured (on the warm carcass suspended from a gambrel) from the pubic symphysis to the junction of the sternum with the first rib [Davidson, Hammond, Swain & Wright, 1937] . The value T was calculated from the equation, T= 1 4 + 0 149W, where W is the cold carcass weight [Callow, 1942] ; T represents the expected thickness of the back fat at the thinnest portion, i.e. over the last rib. The difference between the observed and calculated values (B -T) for this measurement are given in the last column of Table 9 , and are discussed in Appendix 2.
In most cases our animals were fatter than expected, i.e. than average pigs of the same carcass weight. Callow's formula, derived from a large number of pigs of various breeds, may possibly not fit our particular Wessex Saddlebacks. Nevertheless, it is clear that the potato-fed pigs were relatively fatter, in relation to their carcass weight, than their barley-fed partners, and that the pigs which received no casein or 1 % were relatively fatter than those which received 3 or 6.% casein.
While it is not possible to draw definite conclusions, in view of the possible inapplicability of Callow's formula, the figures suggest that deficiency of nitrogen may affect the composition of the carcass. Those animals which received the most nitrogen of high biological value were relatively the leanest in relation to their carcass weight, thus indicating extra muscle deposition.
McMeekan [1940] could not detect any influence of the level of dietary protein on the body composition of the growing pig. The low protein diet which he used, however, supported optimal growth, and the food intakes of his animals were not limited as in our experiment. Forbes, Swift, Black & Kahlenberg [1935] and Forbes, Voris, Bratzler & Wainio [1938] , working with rats whose food intake was paired, found that the nitrogen/fat ratio of the body gains increased as the dietary protein level was raised, and Hamilton [1939] Table 10 gives the analysis of variance of (a) body were evaluated by an analysis of variance of the weight increase in kg./kg. ofnitrogen intake, (b) body differences between the pairs of pigs. In consequence weight increase in kg./kg. of digestible nitrogen of the pairing, the error for the direct casein comintake, (c) dry food intake in kg., (d) digestible parison is larger than that for the other two comenergy in kg. cal./kg. increase in body weight, and parisons.
(e) the difference between the thickness of back fat
In every case there is a significant difference beat the last rib and the average figure for a carcass tween the two main groups fed respectively on of the same weight (B -T in Table 9 ).
potatoes and barley. The direct effect of the casein In each casein subgroup every pig on a barley additions is not significant in any of the groups but ration was paired with another, on a potato ration, approaches significance for food intake and for of live weight as nearly as possible the same, and digestible energy intake per kg. weight increase and their food intakes were similarly paired. Thus the for thickness of back fat. All three values are on direct effect of casein level is evaluated by an the average less at the higher levels of casein. This analysis of variance within and between casein act, which agrees with the result of the previous groups of the 8UsM for two pigs. The differen e experiment of Macrae et at. [1942] , suggests that between the effects of the potato and barley rations, this non-significance is due to the relatively large on the other hand, and the effect of addition of error of experiment and that the effect could be casein on this difference-that is, the interaction shown to be real in an experiment conducted with between the main and subsidiary comparisons-a larger number of animals. 
